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1 [8.14],
1
y> 0 1 (j=1;y< 0 2 (j=2);
y=01lxl< a ;y=01x1> a *x y M
v 0 M ) 1 * Eji, Ep, Vi, Vo, Ki(j =
1,2) * Ei, Eio, Vi, V2 Maxwell
y 1 Vo )
i p= (=12 (1)
A7 %"—7'—7 """ y (bu)j, (br2)j, (b2)j,
,’l,r "",,‘:'“7‘"/7"“[\:[' -7- (bes), E\, Ej, Vi, Vo, B ,
,l / [, ' ,/ // v
’ ,’ ’ (v ’
)/ K J—> > X b 3 1
,// ,’ ,II a// a,// ( 11)/ = ij],
/ /; E, s .E, ’/Vll Ry Vv
- A . L
;/  Ea ,Ez% Var s My (br)j= (bu)j=- Ejyv

N 1

]
(j=12)
U= 12) , [11,15]
U QU 0% ,
(0x)) = @zﬂ (%)= gzﬂ (Ty)j=- ax—a; (j=12r°
’ II ’
il 2a° ,
[11,14]
o'U; 0'U ot U
(bn)j =%+ [2(bn)j+ (bss)i] =73+ (bn)j =—a=0 (j= 12),
Ox 0x 0y Oy
[5,11]:
y=0lxl<a: (%)= (9%)2=0 (Tyh= (Tya=-T,
y=0,lx1> a (G)1= (G)2, (Ty)i= (T2, (u)i= (u)2 (v)1= (v)2

JeZ+ 2 T+ oo (0)1= (G)2= 0 (Ty)i= (Ty)2= O,

’ (u)b(”)j X, Y *
2
U= Ux+ s5y), (4) L1
(bu)jsi+ [2(br)j+ (be)i]si+ (bn)j=0 (j=1,2),
_ [2(bn)i+ (bm)fr (bn); o
b= { (b, ) T ey, U= Y

(9)
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A< 0O M< O . (8)
si= (- V" a+ B, sey = (- Vg8 (k= 1,2), (10)
B> ag> 0
2 2Abn)i+ (bes)i o g ’( b2a) ; . .
- B.I_ Z(bll)j ’ a.l+ BJ_ (bll)j (]_ 172) (11)
Zik = x + Sky = xjk+ i)k (j, k= 12)° (12)
(12),
0_20 9 _ _(V"g0 120, 13
Oxjr ~ Ox” Oyjr B ox B oy (13)
(12), (4)
&> 2| 2 .
asz]"' ayjzl axj.22+ ayjzz =20 (j= L2), (14a)
o ||, 2% .
6x_,22+ oy h 8x,-21+ oya| U= 0 (=12 (14b)
ShehU = SRR = 00 (= L2)e (15)
(15) (12) ) zin(j, k= 1,2)
(4 . kom= 12 N ko
2 2
Ulxoy) = 2 Zﬁe[(A.fk, \— 1B y) Uiy, (50)] (16a)
i) = 3 z)(m Glom ™ (s Fajohom= 1) (16h)
Ajk }),7 BJI‘ }):
(16) 3. (12).
(0); = mZHZBe[(Am— B y,) iU (50 (17a)
(0); = ZHZBe[(AJA v 1Bk ) U5 ] (17)
(Ty); =- "ZkZBe[(A]k v 1By iUy, (256 (17¢)
Ui (5t) = Tzk- a)™  (johk.m= 1,2)¢ (17d)
(5) (6), NZh Lrhorh

Biy,, By Auy, Ay, Bay, By, Aa g, Aoy (m = 1,2)

[ (sinhTY Bua, + (sinAJ) Biay + (cos MTYAn, y +
(cosNT)A 1 )] = 0,

M (sin N Boyy, + (sinhT) By, = (cos MT) Aoy —
(cos MT)A2, 3] = 0,

(18a)

( 18b)
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r)""[(Blcos NI+ aisinA, ) By, ), + (Bicos MJI- auisin A, T) B1a, Mt

((11005}\.,13'[— B1sin)\mﬂ)A 1\, — (ajcos MW+ Bisin ))nﬂ)Am )\n] = %, (18c)

A . .
r [ (Bacos MTl— azsin T Bar, o + (Brcos T+ c2sin ) B2, A +

( Gcos NI+ Bosin N, ) A2, 5 — (@cos MTT— Bsin A T)An ) | = %, ( 18d)

P A + Ay = Ann - Ana] = 0, (18e)
r)”’"[ BiBu, y, + BiBu. )+ aidiy, - @Ay —
BBy A, - BBn - mAn )+ WA ] = 0, (18f)
A 2(1|B1 2(1161 (l%— B%— Vi1 (1%— B%— Vi
' [ En Bi, - En Bz, + En A+ En A123, -
226 a2 G- Bi- w G- B- v }
o B + o B2y - o A2l ) — o A2 A | = 0,
(18g)
r)\” B|: B%— 3(1%+ V11_ 1 N 1 2( Vii+ 12 B 1 i| B +
! En By M| En By 1,
B, B%— 3(1%+ Vll_ 1 N 1 2( Vi + 1) 3 1 B N
L En By M En [T B
Y ) X b X
3BI— ar+ Vi 1| 1 |2(Mi+ 1) 1 A
al_ En T RS L
- o 5 < b N
a 3b1— ai + V]]_ L+L2(V]1+1)_L A _
1 En UL M En TR R
Y b St
B, B%— 3(1%+ Vz]_ 1 + 1 2(Vu+ 1? 3 1 B B
L E> Byl & A, E W | 72
(B 36+ w 1< 1 y2(Vz1+ 1 1<_
Bz_y E2i - Ezjﬁy E 2 _%_Bn}\m_
a_ 3B- B+ Va1 L L20he 1) L_A N
gl E>; H, M Ex B 2 A,
(383 @4 w 1* 1 yzmw 1 17
(12_ E21 - Ez * X E2 - E{_ Az, = 0, (18h)
m= 1,2¢
| Ay 1= 165 a?a%[{%\melﬁ fu]fm guhlzcotz),.,,n] sin® M, T, (19)
, enf 12,812 hi ,
2+ 1) 1 2(Va+ 1) 1. 20
e = En W Ea W’ (20a)
B ai+ Bi- Vir B+ B (20b)
2= Eqn E ’
28, 2B,
gn= oo+ (20c)
28 2
ho= (d+ B) =+ (d+ B 2B, (20d)
E11 E21
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(18 . :

; (18) ) 7,
, )* rank(Ay )= 7,

I Ay I = 1675 a%a%[{telz+ f12]f12+ glzhlzcotz))nf@ sint A, 1= 0
(m= 1,2) (21)
sin A,T= 0, M=n(m=1,2,n=0, *1, 2, ), e, f12, g1,

hi2 s .

[i612+ fn}fm guhpeot’AT= 0  (m= 1,2),

(2)
C()tAnT[j [9- 13]
M=-n- %+ &n (m: L2;n= 012 )9 (23)
& . n (n -
(23) (16),

k,m, n

B

+ 00 2 2
Ulx.y) = 2D Rel (Ajke, — iBie) Ui e (zt) ]

n=0m=1k=1

(j=12), (24a)
Uk €, (zjh) - (j = 1,2), (24b)
" v = = . = s s

Jk. €, (2 (n—3/2- &)(n- 1/2- &)(zk— a) Ve, J
(zjk T a;r T 0), (23) n= 0
M= - %+ & (m= 1,2)° (25)
() (22),
_2 ’
- 28ne12+f12 fr+ grhian &M= 0 (m= 1,2)° (26)
V(1= 26) tan&T
L 1
- 2¢e, - 1+ 2€,+ 48, + | &, < ak (27a)
tan€,J = TE, + %Jﬁéﬁ | g, < % . (27
(27) (26), € ,
(g12h12]I2_ 8612f12)8,2,,— denf 12€n— (2e2— fr2)f12= 0 (m= 1,2)° (28)
A= 4fuf(2en- fr)guhiu™- 43en— Y)enfn] > O ()
g, =

2eiafn+ (- 1! Jf12/(2812— f)guhu™ = 4(3en— 4n)enfn]
ghi— 8enfn

(m= 12)¢
11 ,

(30)
(29)
€, &

&, &°

(25),

2

N,
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(18), (5) (06 )
P : 16
a
B¢, = G_T[flz— glz(B] + otan&, ) [ (tan&, V) axn ¢, (31a)
Q;
Bre = - a_?[flz— gu(Br— aitan&I) ] (tan&T) a2 ¢, ( 31b)
asz 1
Ae, = a_l[flz— gl a— Bitang,Mtan§, ] an ¢, + A0sinE T (31c)
a 1
Anpe, =~ a_?[flz+ go(ar+ Bitan€,Mtan€, 7 ax ¢ — Ao sin T (31d)
Boe, = - [fo+ go(B- wmtan€, )] (tan§,T) an ¢, (3le)
Bne = [fu+ go(B+ cmtan&M)] (tan€,T)axn ¢, (31f)
1
Ase = [fr— gl @+ BtangM)tan€, T an ¢ + A casin Gl T (3lg)
1
Ane == [fr+ g k- Botan€, M tan€, ] axn & Aonsing, T ( 31h)
an e, °
(25) (17 .
2
(O, = kgie[(flﬂn 6, = 1Biic,) silin. o,( 7)), (32a)
2
(0)5.0,= 2Rel(Ans,~ iBis,) Uie,(z0)], (32)
2
(Tolie == 2Rel(Ane,~ iBye)siUie, ()], (32)
T .
Ur, e, (z) = 7 vre, (J,m=12), (32d)
(zk— a)
(17)

(0); = WZ(O),S, ) ”Zm]e, (Ty)i= Z{we ()

(32) (33).
2 2 }
(K== 2 2 NmRel (201 = a 1) (A ¢ = B e, ) su(= VU e (50)]
(34a)
(K1)j= ZZlmRefml = a )7 (A e~ 1B e ) (= 1)U e (zt) ).
m=1k=1 "y
(34b)
(K)j= (Ki)j- i(Ku);  (j= L2 (34c)
Zik= a ZEk=-— a > (34)
E};ZE
Uk. ¢ (zjk) = : V€, (G, k,m= 12)° (35)

(zit= a)' (g + a)

Zjik = a ’
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Q] Vs T N
Ur. e, (zi8) = | 5 (zr— )% 5 (3 a; j, k,m=12)° (36)
(32d) (36) . (30) . (31)
an.e,, (33),(32) , (31) .
172 . ' € i(m)
(- 1) =14 (- 1)m= [e ] "= cos &I+ i(— 1) 'sin &, e (37)

(%) (37) (12)
dim [(20) zg— a 1) T e (1) ] = T(Ma) Y singad+ i~ 1) cos&Ty,

(38a)
im [(2M] zi— a 1)V Ui g (z1)] = T(Ta) T 5 (38b)
s Zjk T a Zjk Toat s (Ku)j, (34a)
>SS tim R (21 5= @ 1)V B[ (Ajn e~ B ) silin e, (5e) [} =
m=1 k= :-,
ZZ lim R4 (201 51~ @)™ /= (Ae,~ iBue) sl (sl)e (9)
m=1 k= z_
() (10) 4(39),
[1+ (= 1)'sin&T][ G (Ajre — Aie )+ B(BjLe + Bjze )] -
(cos&M)[ B(Aj1 e, + Ape,) = G(Bg - Bag)] =0
(j,m= 12) (40)
j=1, (31a)~ (31d) (40),
~ 1- sing,T
y o Az sm& R
a%'e = - Toofoin 6.7 (41)
(41) (31a)~ (31d), 8
B [fu— 2B+ atan€, ) /(1- smé‘mﬂ)
B¢, = 4001/ 1208 €T (42a)
_ [fr- go(B - atang, T /(1- mn&nﬂ)
Bie, = 40 f12c0sE,T (42b)
frcos €T+ g ai— Bitan §,7) (1 - sm&nﬂ)
AII,S", - 4(11f 12008&—,17[ (420)
fcos&N— gp(a+ Bitan€, ) (1- sing,MN)
A1, e = 4(11f120058m]-[ (m = 1, 2) (42d)
(38b) (10) (34a) (34b),
2
(Ku)y= 22UMa)" [ a( Ao~ Ane)+ B(Bue+ Bae)l. (43a)
(Ki)j= (- 1) ZT(H )V Ao+ Ape)t (43b)
(42) (43), j=1
m 1/2- €
(Ku)i= ZML ZKII)IS’ (44a)
_ T(Ta) "> fg n(1- sin&, 7 _
(Ki)i=- :Zl 2 12c0s €, W,Z‘(Kl)lg (4b)
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j=2
_ [fr+ g2 B— otan&T) J(1+ sin&T)
Baie, = 4 a2 f12c0s €T ’ (45a2)
[f12+ glz(B2+ Astan€,T) J(1+ Sln{f‘mﬂ)
By e = 4of 1208 €T (45b)
A _ ficos&T- gn( 0+ Brtan€,70) (1 + sing,T) 45c
20, = 400 f 12005 €70 > (45¢)
_ f12c0s &I+ gin(dr — Brtan €,7T) (1 + sin€,T)
A2 €, — 4(12f120058m:r[ (m: 17 2)7 (45d)
T/ T 1/2- €
(Ki)o= ZJ—“; Z(Kn)ze, (46a)
T(JTa) g12(1+ smf}nﬂ)
(K1 )2= :Zl 2f 1208 E,T0 ZKI)Q’E (46b)
(35) , zik = a
hm{[ZJT(z]A— a)]]/7 U, ¢ (Z]k)}_ Y Ta )1/2_ (m=12), (47)
TT, ) V2 & 1
Uk, ¢, (zk) = ((218)1/}8'” (- a) (48a)
]
1 1 1
—: R —_—— 'hn—_
(im @) o e @) ST @)V
(s a; j, k,m= 1,2) (48b)
j=1 (48) (42) (44) (40 (32) (33), 1 j=1
I (z1k - a)
2
(Ku)re, 1 s m [ 1 1 ]
0. )= — - - — —
(Oc)1 r(2m) 7 & 20, (ar— Bi)Re - a)]/2 T 2 a)l/}?,m +
1 1 1
—_—— T0
20i By cos &, T tan&, Re[(zn— a)vz_g'"+ (z12— OL)VZLE"J+
2 2 1 1 3 1
(ai- Bl)[cos&nﬂ_ tan&% Im[(zu— a)’Te T (zp- a)F em]+
1 1
Zdlﬁllm[(z”_ a)l/2—€m+ (21— a)vz-sm] +
2 2 2
(K1)ie, ai+ BJ [ 1 1 }
— I _ —
";(2]-[)1/2—8," 2a1 l Bi(tan &7 Re (z11— a)m i (z12— a)l/}e'" *

1 1
— + | —
alRe[(zu_ )" e ) €m]

1 1
Bllm[(zn— )% (zn- a)1/28":|+

1 1
(11(tan8n3'[)lm|:(211_ a)vz_sm‘i‘ (21— a)l/z—s,,,}}y (49a)
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(Ki)ie, 1
,n_z(zﬂ)m En 7{ Re[(zn— a)]/z_ “ (zn- a)]/z_ }

1 1 - 1 +
- JU
o el tan &, Im|: (z11- a) V2-¢g, (21— a) /2~ 8":|

2
(Ki)ie, 1 [ 1 1 }
Z(zn)vzfem Al Bi(tan€,T)Re (zn- a)'F% (Gp- a)VF )t

m=1

1 1
aiR ¢ + _
1 e[(zn— a)Vz @7 (21— a)VZ %J"’

1 1

Im[(zll— a)’* 5 (zn- a)]/}e’”}+

1 1

a1(tan8n“)1m[(z11_ L a)yzem} , (49b)
2
(Ki)ie, 1 1 [ 1
Ty)1= — e - - T _—
( «W)l ";(2]-[)1/2—8m 20 B1 cos €,T0 tan &, Re (211— a,)l/z_s’"

-1
(z12— a)]/} &,

1 1
+ aR[ + — }_
ihe (z11— a)l/} €, (21— a)l/z g,

. [ 1 ~ 1 }
11Im (Z]l— a)l/2*€m (le_ a)]/Z—Sm —
1 1
— i T _
(11{005871].[ tm&n} Im[ (21— a)l/2 e + (20— a)l/2—€mi|}

3K dis ﬁ%fR[ L i ]+
(Vs 2a | Lzu- @)V (zo- a)VF

m=1

1 1
(tan&nJT)Im[(Z”_ a)1/2— e~ (21— a)l/2—€mi|
[ 11,14- 15] j= 1

B

(49c¢)

(K1) e 1
(U’)l: m:ZI(ZH)l/Z—Sm (1+ 2811) (le

a%_ B%_ L Vg V2+ €
- E—Re[(zn— a) "~ (zp- a) T+
1

2ol 1 Vg /2 €

En [COSSnTE_ tang’":% Re/(zu1- a) "+ (z12- a) "]+

2 2

ai— Bi- vi 1

Ell COSSRT[_ tangm]% Im[(zll_ a)1/2+ Z';”_ (zlz_ a)]/2+€m]+

2a, B

El llm[(z“ )1/2+e + (21— a)l/2+8'"]}+
V2+ e

(KI)I,S", (.11+ B]+ Vi f
mzzl(z:]—[)l/2* €, (1+ 2871) (I]E Bl(tal’lanﬂ)Re[(Z”_ (l)

(zo— a)" %]+ aiRef (zu- a)"* 4 (20— a)"* ] -
Bilm/ (211 a)" 5= (2p— a) > %]+
a(tan& M) Im/ (z11— a)”* %+ (z1o- a)1/2+£m]}’ (50a)
< (Ki)1e 1 f |: 2 ) Lj )
(7/)1 2(2]-[)1/2— (1+ 2871) (11(0-1+ B)l ( ar+ Bl)-i— £

m=1
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Re[(z11— a)”* "

V
om0y 8- hais - g
1
{cos&nﬂ_ tana"@ Ref (zn—- a) %= (zn— a)"* %] +

(11[ _((11+ 51)+ E_];| [cos}‘imﬂ_ tanE‘mJﬁ X

Im[(zH— a)]/2+8’”+ (z12— a)‘/z*sl]_i_

[ _((11+ Bl)— ]Im[(zn— a)]/zw'”— (z12— a)]/2+8”’]}+

(Kl)ls 1
,:Z.:(zn)”‘ (14 28,) aif of + B)
{ 2a

E1 (tanSmJT)Re[(zn— a)

[_4

2(1131

Ty (z12— a)l/ZFe

m]+
(ai+ BY)?+ E%z(“%‘ B%)] Re[(zn— a)"* "= (zn— a)"* ] +

(211 )Vt (2 a)V* 5]+ [_

;/_1111((1%+ B)%+

_12((11_ 131)] (tan€&,T) Im/ (z 11 — a)l/2+ G 4 (z1- a)l/2+8] ( 50b)
L j=2 (22" )

< (Ki)ze,
(0,)2= Z—

2 2 1 _ 1 ]
= (231)‘/2 § - (@- B2)Re[(zzl_ a)l/2—8,,, (22— a)l/2—‘5,,, +

T
2B cosE T tan€, 7| Re

1 + 1
(zn— @) /T8 " (ap— a)VF |t
2 @ 1 7 1 B 1
(oz- Bz)[cosemﬂ+ tan&,7) Im ( o a)]/}em (32— )1/}e +
1

2(12 E’zlm|:

(KI)ZS (q2+ ﬁ%)
(z21- a)]/z*8 (22— a)l/2 8] ’”Z(Zn)l/}e 20
Bz(tanSn]T)Re[(z 1

1
a)l/z—sm (zzz— a)l/}gn]+
1 1

—© + =

azRe[(zzl_ a)l/Z e, (22— )1/2 e}

1 1
lem[ (z2— a) V€ — SHJ_

o (z2- a)]/z_

o tan €, T) Im|:

1 1
(z21- (1)1/2_8"'+ (22~ a)vz_g’"}}7 (31a)
(Ki)ae, [ 1 1 ]
(%)2= mfZ(ZJ'[)VZ_8 202 ~ Re (z21 — a)l/z_ & (z2- )1/2_8'" +
{ I

cosSnJT+ tan &, Im|:

1 1
(za= @)% (2= a)]/28"1}+
2
(K1)2ze 1 [ 1 1 ]
i - ~
’;(2]-[)1/2—8”1 2a2 BZ(tanan )Re (221_ a)l/z_e'"

+
(22— a)/* %
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1 1
azRe[(zzl_ a)]/2_sm+ (2m— a)]/z_g”:|+

1 1
BZIm|:(z21— a)l/z_s’”_ (zzz— a)l/2—8":|—

1 1
I —¢ + —
a(tan &, )Im[(z o a)l/z € (m- a)1/2 ?J}’ ( 51b)
(Ku)2.e 1 [ 1
T I E— e
})2 W_Z(ZJT)VQ e 2 BZ COSSnJT+ tan & T Re (Zz[— a)l/z_gm
1 1
+ —c | —
(23— a)l/z—smi|+ azRe[(zm_ a)l/Z— @t (im- a)]/2 e]
1 1
Im|:(221— a)l/z_g’" (222— a)]/z_e";|_
L + tan &7 T [ 1 + 1 ]
% cosg,T o (z21— a)]/z_e”’ (z2— a)]/z_e’" *
Z(Kl)ze B+ B R[ L | ]
e (Zﬂ)l/z & 2 l_ © (z21— a)1/2- &, (23— a)l/2—8m +
1 1
T _
(tang, )Im[(ml_ a)/F e (ape a)]/2—8,,:| , (51c)
(Ku)ze 1
()2 = :Z'(zn)l/“ (1+ 2sn)a2x
—B +
- S Rel (i @) S (e a)
2
%F{cesl&nﬂ"' tans"]q Ref[(za~ a)V* %+ (2p- a)"* 5]+
2 Q2
- B-v 1
az E; 2{6053”]14' tan&nJT] I/ (221 - a)1/2+ S (zm- a)]/2+8m]+
20:B Vg 2+ g
Fo Im/(z21- a) "+ (zpo- a) mle+
(K1 )2, 1 f Byaz+ B3+ W)
- T
’;(2]_[)1/27% (1+ 26, azl Eo (tan&.J) X
Re[(z21— a)V* %= (20— a)V* %]+
2. @2
B —
(12((12+E212 %l)Re[(zzl— )V o4 (2 a)VF ) -
B+ B+ v )
((12+E212+ 21)Im[(z21— )1/2 S (2m- a)l/z;.g
w(B+ B- W) Ve -
o (tan€&,T)Im/ (z21— a) """+ (2220- a) " "], (52a)
2
(K)o, 1 f [ Vi, 1}
= - B = x
(v)2 m:Zl:(zT[)l/z & (1+ 26&n) (12((12+ 52)1 21((12+ 2) + Ex

Ref(z21— @)% %4 (20— )" 5]+

Vu, o w0 1 1
Bz[— Ez1(a2+ B) - Ezz] [cos(omgﬁ tansnﬂ} x
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2+ € 1

V;
Ref(z21 - a)”* & (z2- a) "]+ az[— E_z;l(a%+ ﬁ%)+ E_zj X

1 /2 ¢ V2+ g
IT — m — m
[COSSnJT+ tan&} Im/(z21 - a) + (zn- a) ]+

Bz[— 5_2211((1%-}' B%)— ij Im[(zz1— a)]/erS”— (zzz— a)]/2+8”]}+

2Z-.(Kl)z,em 1 y
SR oMY (14 28,) aof a3+ B3)

2028, /2 €

By, (an&Re/ (21— a)"" g (22— a)* )
Vo 22 1, 2 2 1/2 € V2t e
- E21(a2+ B3)"+ Ezz((lz— B3)| Ref(z21- a) "— (z2- a) "]+
20,5 .
E_znlm[(zzl— a)’ s (zp— )P 0] -
Vo 22 1 2 2
[— oy €+ B3)"+ Tl B Bz)] x
Im/(z21- a)"" %~ (2m- a)‘/“m]}- ( 52b)
j=15=2 s
Er= Ei, o= Vi, = U (j. k= 12), (53a)
1 Y 1
(bi)j= 5= bu (bu)j== 5= bn (bn)j= o= bn, (53b)
o=a B=8B (=12), (54)
zik— a = Re(zjk— a)+ ilm(zjk— a) =
Re(zi— a)+ i(- 1)) Im(zt— a), (55a)
1 1 . - 1
_— —_— _ 1] I —_—
(zit— a)l/Z—Sm Re (2 - a)l/2—£m+ i(- 1) m(zk— a)l/Z—ema (155b)
(gt= a)”" "= Re(zi- a)" "+ i(= 1)/ Im(zi = a)"* o (55¢)
(33) (54) (20), (21) (22) (30) (23) (25),
2 2
Ay 1= 256 0t AT 0 (m= L2, (56)
" Ei
8 (12+ ﬁz 2
16r%h & PERCY M= 0 (m= 1,2), (57)
&= &= 0, (58)
)\n:_n_z (ITL: 172;”/:031727 )7 (59)
N= h=- % (60)
(60) 11 A=- 172 .
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[(Ku)i+ (Kn)z]sm:o_

Ky = ) =
2 Jimf (Kijre+ (Knjrgl\2= T(Ta)", (61a)
K K €= 2
Ko [( I)1+; 1)2]e 0_ Zelimo[(KI)LSme (KI)2,€m]\2: 0, (61b)
I .
j=1 j=2 (%)), ()i, Ty )is (uw)i, (v)i
(49) ~ (52), (44) (46) (54)
(8, 14] i (2 a)
[(G)1+ (G)2]e . 2
o - T = Ddimf(0)ue ¢ (0)2e)\2=
Ku 1 L —
J2 2a (@~ Bz)Re[(zz— a)”? (z1- a)V2i|+
1 1
zaﬁlm[(zz— a)l/2+ (z1o a)vz} s (62a)
[(9)1+ (9)2]e - :
g, = 3 = 02 ";Ehmo[(oy)l,gm"‘ (q,)zgnj\zz
1 1
ﬁ;_aRe[(zz— 7 (- a)1/2}, ( 62b)
[(To)i+ (To)aley 2
T = T 2 (W (Tae) o
Ku 1 L 1
J_2 24(1{(1[{6[(21— a)l/2+ (z2- a)1/2]+
1 1
Blm[(zz— a)m_ (z1- a)I/Z] , (62c)

[(u)i+ (u)2f ¢
w= r ;)2 - %La{[bu(ﬂz— B)+ bnf

Ref(z2- a)"= (z1-= a)"*] + 2buaBIm/(z1- a)"*+ (z2- a)“]}, (63a)
~ [(v)1+ (1))2]8"1=0_ K1 1

v= 2 T2 ads B
{— a[b12(a2+ 132)+ b2JRef(z1- a)1/2+ (z2- a)]/2]+
Blbu(a®+ B) - bnjimf(z1- a)"* - (22~ a)1/2]}- (63b)
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3
E,/GPa E,/GPa Vi B,/ GPa
Jj=1 50 9 0.33 11
A
j=2 2.1 16 0.167 5 9.21
j=1 40 10.5 0.33 9.2
B
=2 18 14 0.167 5 8.4
j=1 46 11.4 0.33 9. 935
C
j=2 2.1 18 0.167 5 9.21
180
160&
140+
120+ K
S ‘ <
-10
-20
=30
& & 740
& .
= ~ =50
_50,
=60
760,
=70
01 \ -80
-80 . L =90 L L 35 L .
-150  -100 -50 0 -150  -100 -50 -150  -100  -50 0
0/(%) 0/(°) 0/(7)
2
(2) (9 (10) (20) (30) (25), 2
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A o+ (- ])]HB,,’ &€, A,
a
j=1 -171255 : 0.455 1 g = 0.0303 M=-0.4607
B, 1. 466 2
A
a, 0.2674
=2 - 12 g,=- 0.0285 =-0.585
J 626 B, 1.050 6 2 b
a 0.2323
P = - g, = 0.0544 A =- 04456
j=1 16380 B, L 376 | :
B
a
j=2 - L8HU5 2 0.3391 g, =- 0.0484 A=- 0.5484
8, 1. 009 4
_ a 0. 108 9
j=1 -037187 g = 0.047 1 M=-0.429
B, 1.413 1
C
Q.
j=2 - 1087 : 0. 579 g=- 0.0427 N=-0.5027
B, 0.95 1
2 5 3 r/a B ox, oy, I)cy 9 *
“r Lk o« A B C /a= 0.1, 0 0

7.5 15 22.5 30 ...

(1]

(2]

(6]

(%)i/ T (6)i/ T (T)i/Hj = L2)

2

(1) [ 13] ; ,
II ;
(i) ) E(m= 12)
== 124 &(m= 1,2);
(1) II ,
( 1v) , )
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Crack- Tip Field on Mode II Interface Crack of
Double Dissimilar Orthotropic Composite Materials

ZHANG Xue- xia, CU Xiao- chao, YANG Wei- yang, LI Jun- lin
(Schod of Applied Science, Taiyuan University of Science and Technology ,

Taiyuan 030024,P.R. China)

Abstract: Two systems of non—- homogeneous linear equations in 8 unknowns were obtained by in-
trodudng two stress functions containing 16 undetermined coeffidents and two real stress singularity
exponents with the help of boundary conditions. By solving the above systems of non- homogeneous
linear equations, the two real stress singularity exponents can be determined when the double materia
engineering parameters meet certain conditions. The expression of the stress fundion and all the coef
ficients were got by the unique theorem of limit. By substituting them into corresponding mechanics e-
quations, theoretical solutions to the stress intensity factor, the stress field and the displacement field
near the cradk tip of each material can be obtained when the disaiminants of the characteristic equa-
tions are less than zero. Stress and displacement near crack tip show mixed crack characteristics but
no stress oscillation or crack surfaces overlap. As an example, when the two orthotropic materials are
the same, the stress singularity exponent, the stress intensity factor, the stress field and the expression
for the displacement field of the orthotropic single material can be deduced.

Key words: mode Il interface cradk; stress intensity factors; double materias; orthotropic



